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(Paper No. 3793.) 

“ Some Recent Grain-handling and Storing Appliances at 
the Millwall Docks.” 

By MAGNUS MOWAT, M. Inst. O.E. 

IN the  interests of trade  and  shipping  there is an ever-increasing 
denland for  facilities which  will enable  ships to be rapidly  released 
from dock. This  can  only be achieved  by the use of mechanical 
appliances,  which  enable the goods to be handled  with  despatch and 
ecciency  in  all weathers. 

The Millwall Dock Company  has not been unmindful of the ad- 
vantages  to be gained by the use of such  machinery, and  in 1893 
Mr. F. E. Duckham, M. Inst. C.E., their  Engineer at   that  time, 
designed the first  pneumatic  grain-elevator, locally known as the 
“ Mark  Lane No. 1,” an  apparatus which is still  in use. I n  1896 
Mr. Duckham  contributed  a  Paper to The  Institution,l  in which  he 
gave  particulars of his  experimental  work in connection  with the 
elevator, and described the various  grain-appliances  then in use 
at   the docks. Since that  date  the subject of labour-saving devices 
has  been more fully developed, and  additions  costing  about $170,000 
have  been  made in  the grain-department.  Such  additions  form  the 
subject of the  present  Paper. 

I n  dealing with  the problems of storage a t  these docks it must be 
borne in mind that  the various grains  imported  are  mostly  from  the 
Black  Sea or Russian ports-a softer cereal than  that grown in 
America-so that methods  which commend themselves to dock- 
companies  engaged in  the American trade,  are  not applicable at  Mill- 
wall. The economic advantages of storing in huge silos is discounted 

l “ Grain Appliances a t  Millwall  Docks.” Minutes of Proceedings Inst. C.E. ,  
vol. CXXV, p. 296. 
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by grain-traders who prefer  open floors with  as much ventilation 
as possible for continued  storage of soft  grain.  Further,  the cargoes 
of grain  entering Millwall Docks are almost  entirely in small 
parcels, which have to be kept  separate. Open-floor storage  is  thus 
eminently suitable, and it affords  easy access for  inspection. 

An engineer is considerably tied, therefore, when  designing  works 
of this character, and  having  regard to  the fixed data  the  Author 
contends that  the  plant laid down at  Millwall Docks, the 
outcome of mature  deliberation  and  past  experience,  adapts itself 
favourably to local conditions. It has  reduced the time  taken  to 
discharge  a ship t o  one-half that occupied  by the methods  previously 
in use. 

General  Description.-The installation consists of a dolphin, 
elevators, and silos, together  with  a  granary  having 7fr acres of 
open-floor storage; it is situated a t  the  north-west of the  inner 
dock. The  equipment  provides for the discharge and weighing of 
550 tons of grain per  hour ex ship  and  for its delivery into  granary, 
silo, or barge. I n  practice  about  one-third goes ashore, the remain- 
ing  two-thirds  to  craft. 

The  elevators which  come in contact  with  the ship’s  hold are of 
the pneumatic or suction  type,  such  elevators  having an adaptability 
for  all weathers, for use with  small or mixed parcels, or for mixed 
cargoes,  which the legs of a bucket-elevator  do  not possess. They 
can, moreover, be  used while other discharging  operations are  taking 
place on deck. 

The  other elevators are of the  bucket type, and  they,  together 
with  the band-conveyors, are electrically driven. 

Tlhe Dolphin Elevator (Figs. 1, Plate a).-The structure which 
carries the elevator consists of a wooden jetty 350 feet long by 
25 feet wide, on the dock side of which the ship is moored ; it 
is placed parallel with  the quay-wall at  a  distance of 50 feet  from 
it. The  intervening water-space, which is occupied  by barges, is 
spanned by four  girder-bridges ; these  connect the dolphin with 
the delivery-floor of the silos on the quay. 

Hewn  greenheart  timber, 18 inches  square, was  used for piling ; 
the piles were  mostly 60 feet long and were  driven 18 feet  into  the 
dock-bottom,  being well bolted and braced together  with  walings 
and braces of sawn  greenheart. 

The  weight of the elevator  machinery,  with  engines and boilers, is 
750 tons,  this weight  being taken on  a solid foundation in  the  centre 
of the dolphin. In  constructing the foundation,  the inside piles for  a 
distance of 184 feet were cut off a t  12 feet below the upper deck, and 
on the  top of these  a  superstructure of steel  girders was formed, 
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founded  on  a solid bed  of concrete. Shuttering was spiked  length- 
wise for 200 feet on the inside of the  outer piles, with  thwartship 
bulkheads a t  each end, the whole being  carried down to  the solid 
dock-bottom ; the concrete was dumped in  the area  thus enclosed 
and  carried up to  the girder level. The  deck of the dolphin is 
14 feet above Trinity high-water  mark. 

The sides and  ends of the machinery-room are  built of timber, 
and  the deck of the dolphin  forming the roof is at  this  part caulked 
with oakum and run with pitch. The boiler- and engine-rooms 
project 10 feet above the upper deck, and  are cased in  with 
steel plates. 

There  are  on  the dolphin four suction elevators, each  having a 
capacity of 75 tons  per hour.  The power is supplied to  these 
elevators  by the machinery placed within  the dolphin,  consisting 
of a  vertical  compound  engine,  capable of developing  900 I.HP., 
and supplied with  steam at a  pressure of 130 Ibs. per  square  inch ; 
surface  condensers are provided, and  there  are two cylindrical 
boilers, of the usual  marine  return-tube  type, each  having three 
furnaces. 

The  power is  transmitted  to  four pairs of exhauster-pumps, i.e., one 
pair to each  elevator-tower,  by  means of a  9-inch  main shaft  and 
helical gear-wheels of cast steel. Hydraulic pin-couplings  on the  shaft 
admit of either  the  north or south section  being  worked  indepen- 
dently.  The  pumps are double-acting,  with  cylinders 46 inches 
in  diameter  by 60 inches  stroke.  Each  pair of pumps  works in 
tandem, the piston-rods  between the cylinders and also the  tail-ends 
being  supported  by slippers on  guide-bars. The pistons are of 
cast-iron,  with  junk-rings  and  3-inch mica packing ; the lower half- 
circumference of each ring is of solid gun-metal, of inverted  T-shape, 
with  a wide flange to give  greater  bearing  surface  and  reduce  friction. 
The pump-covers are of box form,  connecting  with the suction and 
delivery  air-pipes, the air being  drawn  through the ports  on the  top 
half of the  grid-plates,  and  discharged  through  those  on the bottom. 
The  normal speed of the pumps is 40 revolutions  per  minute. 

On each  elevator-tower there is a  vacuum-chamber, or grain- 
receiver, 14 feet in diameter  and 20 feet high,  constructed of steel 
plates  with  internal angles and baffle fittings. I n  this chamber a 
partial vacuum is maintained  by the pumps,  usually  about 7 inches 
to 10 inches of mercury,  but  varying  with  different classes of grain : 
the denser the  grain  the more  complete is  the vacuum  required. 

Each receiver, or “canister,”  has two valved branches for  the 
connection of grain suction-pipes, and  is coned at   the lower  end for 
enabling  the  grain to  discharge itself automatically  through  the air- 
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locks.  To  each receiver are  fitted  two  automatic oscillating air-locks or 
“tippers’’ of the Duckham type ; these  are of 5 bushels capacity, and 
discharge  about  nine  times  per  minute.  Each consists essentially of 
a  twin-box  rocking  on  a  trunnion, the two  compartments alternately 
receiving the  grain,  The loaded side tips over  by its own weight, 
breaking  the vacuum  on that side, and discharging its contents 
through  a flap-door ; a t  the same  time the opening of the  other 
compartment is brought  into communication with  the  canister,  and 
the process is  repeated. 

From  the ship’s hold the  grain is drawn  into the canister to a 
height of, say, 80 feet by a process of suction  through  10-inch 
“ armadillo ” pipes. These  pipes are made of conical steel-plate 
rings 6 inches  long,  over-lapping  each  other, the whole being  taped 
together  with flax webbing,  and encased in a  jacket  made of leather 
or of canvas  impregnated  with  rubber.  The  piping is made up  in 
convenient  lengths of 10 feet, which are coupled together  with bolt 
couplings  having internal  rubber washers to keep  them air-tight. 
Steel  taper-pieces are used to reduce the diameter to 6 inches a t  the 
lower end,  where  connection i s  made  with the nozzles. The  steel 
rings  resist  the  wear  by  friction of the  grain,  and  the enveloping 
hose makes the  joints of the cones air-tight.  The combination is 
supported by chains  slung  from derricks, and is so flexible that a 
10-foot length may be bent  to  a  quarter circle. 

The nozzles are of steel, 6 inches in  internal diameter,  and  about 
2 feet  long ; there is an  adjustable sleeve outside, allowing an  air- 
space of 1 inch all  round.  The  air  rushes down this space and 
enters  the pipe at   the bottom,  carrying  the  grain  with it through 
the nozzle and  up  the pipe ; and  the sleeve must be adjusted 
to give the necessary  supply of air.  This  is  a  most  important 
factor, as  the vacuum  obtainable is  directly  controlled  thereby. 
The  range of the sleeve may be taken  as 2 inches  between  extreme 
positions;  with good oats it may  be raised 16 inch above the 
nozzle, but  with  sluggish  wheat it will have to be brought down 
4 inch below it. By lowering the sleeve more air is admitted; 
this is required for higher  lifts, or when the pipes are much 
curved for getting  under  the coamings. There  are  two varieties 
of nozzle used, “ straight ” and “ camel-back,” the  latter  type being 
kept for working  under the coamings  or in places  inaccessible to  the 
straight nozzle. 

From  the canister  where the  air  and  grain  are  separated,  the 
latter passes through  the  tipper  into  a weighing-hopper,  where it is 
drawn off, by means of slide-valves actuated by hand,  into  weighing- 
machines. That portion of grain  intended  for  shore goes through 
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weighing-machines, and thence by hopper to  a band-conveyor  on the 
bridge  spanning  the  50  feet  from  the  quay.  The  remainder is 
weighed and passed direct  into  craft alongside  through  steel  spouts, 
being  either sacked on  platforms  slung  from  the  dolphin,  or  removed 
in bulk.  The  weighing-machines are of the ordinary  4-bushel 
dead-weight type, worked by hand,  these  being  most in favour  with 
the shippers. 

The  operations  on each of the  four towers are  the same. 
Before  finding its way to  the atmosphere, the exhaust air  from  the 

pumps is passed  through a “stive-room,” or settling-chamber, of 
3,000 cubic feet capacity, these  stive-rooms  forming the lower part 
of the towers. Here  any  dust which  may have passed through the 
pumps  impinges  on baffle-plates, and  is carried  by  a  mechanical 
scraper-gear to a sump,  from  which it gains access to  the  canister 
through a by-pass,  being  again  incorporated  with the  grain  to 
maintain  its  weight. 

Boating Elevators.-There are two of these, with a collective out- 
put of 250 tons per  hour.  The  machinery is of the  type  already 
described, but is placed on  steel floating tanks or  barges, which are 
capable of being  navigated in  the dock. The  discharge is  direct  to 
barge  only,  from  which the grain, if required for housing, is 
transferred  to  the  travelling  bins by  means of grabs. 

The  larger vessel, known as Mark  Lane No. 3, has  two  towers, 
and is 90 feet long. The smaller, Mark  Lane No. 2, has  one  tower, 
and  has  a  length of 65  feet.  The beam in each  case is 24 feet, and 
the  draught is 10 feet. 

The Silos.-On the  quay  there  are  four  nests of silos, which are 
spaced  62 feet  apart  in a parallel line between the dolphin and  the 
granary.  They  are for the purpose of quick  delivery to railway- 
trucks of any  grain which it is found  necessary to store  for a short 
period  (Figs. 2, Plate 2). Each silo is complete in itself and 
contains ten cells, with a total capacity of 4,500 quarters, which in 
wheat would represent  a  load of 1,000 tons over and above the 
weight of the  structure. 

The  external dimensions of a silo are 40 feet by 274 feet by 
36 feet deep, and  the  structure is supported on stanchions  built  up 
of rolled-steel joists, so constructed and braced as  to  sustain  the 
bottom of the grain-filled silo above the railway lines. The 
stanchions  are stepped and bolted  on to bedstones of Cornish 
granite, which  support a load of 8 tons per  square foot. These 
bedrjtones are carried  on  concrete  foundations  taken down to 
the solid ballast, the lower  7  feet of the stanchions  being also 
concreted  in. 
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I n  dealing  with the question of grain-pressure,  the  Author would 
refer to  a  Paper by Mr.  Wilfrid  Airy, M. Inst. C.E., published in 
1898,’ containing  the  result of experiments  made at  these docks. 
The  experiments  exhibit  very clearly the effect that  the  internal 
friction of grain  has  in reducing the  external  pressure,  as  compared 
with  a  perfect fluid. In  proportioning the thickness of the side 
plates for  these silos, the results  obtained therein have  been  made 
use of, and  the  structure  has been  designed  accordingly. 

The sides and  partitions of the silos are  constructed of flat plates, 
ranging in thickness from $ inch for the lower strake  to 2% inch for 
the top, stiffened by  vertical  frames of angle-bars, and stayed  by 
flat bars. The lower portion of each  wall is practically a  girder 
having  a web fr inch thick by 4 feet 6 inches deep, with double 
angles 4 inches  by 4 inches  by 4 inch at   the top, bottom and 
ends ; it carries the weight of the silos on to  the stanchions. 

The  bottom of each cell is funnel-shaped,  with  two or more outlets, 
fitted with sliding doors ; through  these  the whole of the  contents 
gravitate  to  the weighing-machines below. 

The roof of each silo is constructed as  a ship’s deck, of lapped- 
steel  plate  on  angle-bar beams. There  is  a circular hatch 2 feet 
6 inches in  diameter to each cell, with coamings 0 inches  high, and 
closed with  a  watertight hinged  door of steel plate. The  decks are 
connected  with the  adjacent gallery of the  granary by  bridges of 
20-foot span. 

The  area  between  the  granary  and  the  quay  is roofed with 
corrugated  iron. This roof butts agninst the  three sides of the silo 
groups, the decks of which project some  20 feet above it. 

The weighers’  floor is 250 feet by 27 feet 6 inches, and is a 
clear 14 feet above the  three lines of railway  metals which pass 
below. The floor is 5 feet below the silo delivery  outlets, and  is 
built of $-inch  chequered plate on  steel joists, the  latter being 
carried  on  built  girders  supported by three rows of stanchions. 
There are suitable  openings in  the floor for the delivery of grain 
to  the  railway-trucks;  after being weighed the sacks are lowered 
through  the openings  by  means of hand-jiggers. 

The  bucket-elevators which  pass through the centre of the silos 
will  be described in conjunction  with the  granary equipment.  The 
head of each elevator  discharges into one of a series of steel  spouts 
commanding the several cells. The  spouts  penetrate the deck of the 
silo, and connect  on their  top end  under a hood-shaped quadrant. 

1 ‘6 The  Pressure of Grain.”  Minutes of Proceedings  Inst. C.E., vol. cxxxi, 
p. 347. 
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This head is revolved by  rack  and pinion, thus feeding any one of 
the  ten  compartments. 

The Central Granary.-This is a brick  building, 250 feet  long 
by 100 feet wide net,  set back 50  feet from the quay. It 
comprises eleven storage floors, in addition  to  the delivery floor 
and basement. The building  affords a total floor-area of 73 
acres, and  has a total capacity of 112,000 quarters of grain,  say 
20,000 tons. 

The  foundations of cement-concrete, gauged 8-to-l, were  carried 
down 25  feet  on  to  the solid ballast, and  the basement and  sub- 
ways are of 6-to-l concrete. The  pressure  on the  foundations  is 
approximately  44  tons  per  square foot, with a full  granary, which is 
reduced to 2$ tons  per  square  foot when  empty. 

Bricks  from  the  Fletton  district were  used for the super- 
structure,  and  the walls  were proportioned aocording to  the scale 
laid  down by  the  London Building  Act. The brickwork was 
laid in English bond for  internal work, with Flemish  external 
facings, and  cement-mortar was used throughout. 

The  granary  is divided into five compartments  by fireproof  walls ; 
the  sixth  and  top floors are of steel  joists, filled in  with concrete 
7 inches deep, as required  by the  Fire Ofices Committee. The 
remaining  storage floors are of 4-inch by  9-inch  or 4-inch by 
11-inch  best  quality  pitch-pine,  with edges shot  and grooved and 
tongued  with  steel.  The flooring is spiked  directly  on to 12-inch by 
&inch  pitch-pine  bearers.  These  bearers  are bolted together in pairs, 
and  rest  on each side of cast-iron columns a t  10  to 11 feet pitch. 
The  end bearers,  which act as wall-plates, are bedded upon brick- 
work  and bolted right  through  the wall. Floor-joists are  thus 
dispensed with  on all but  the delivery floor, and  additional head- 
room is gained thereby;  the  height from floor to floor is 8 feet. The 
cast-iron  columns are protected by a fireproof casing of " Gyp0 " on 
a core of expanded-metal  lathing. 

Above the  top concrete floor there  is a corrugated-iron roof in 
four bays, to protect the conveyor machinery. 

The delivery floor is 3 feet 6 inches above the  adjacent cart-road 
on  the west side, and the same  height above the railway  lines  on the 
quay.  There are platforms running  the whole length of the 
building, faced with granolithic,  for trucking  the sacks to vans or 
railway wagons, the two  operations  being kept  on  separate sides of 
the granary. The platform on  the  quay side is ramped at both ends. 
Delivery to  the dock-side is effected  by band-conveyors, fed through 
hatches in the floor. The  relative deliveries are approximately 
to  van 35 per cent., to  truck 35 per cent., and  to  craft 30 per  cent, 
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The  doorways of each  section  on the delivery floor are 28 feet 
in width.  The  openings are spanned  by massive steel  bressumers 
supported  on  two  intermediate  stanchions.  The doors are of open 
type constructed of bar-iron in two leaves, and move on rollers and 
running-bars. 

There are internal wood staircases to  the  third floor, where they 
open out  on  to a gallery at   the level of the quay-roof  eaves. Three 
intermediate galleries at   the fifth, seventh  and  ninth floors run 
the whole length of the building, and  are connected by three  separate 
flights of stairs, of steel  framing let  into  the wall. These  give 
access to each of the fifty  housing sections, which are  entered by 
corrugated-iron doors. 

There  is  ample window-space to give good lighting  and  ventilation ; 
and electric light is installed  throughout  the  granary. 

A 20,000-gallon tank is provided at   the top of the building  on 
the adjacent  towers ; it is connected through a 4-inch  supply  main 
to  the  requisite valves, branches and  fittings  for fire-extinction. 

The  Towers ancl Garners.-For carrying the elevators there  are 
four steelwork  towers,  114  feet in height,  against the  south side 
of the  granary. These are 16 feet  square a t  the base, tapering to 
8 feet  10 inches by G feet 9 inches at  the top. The  towers are 
supported on two stout legs a t  the  front,  and at  the back  by channels 
bolted  through  the  granary wall. 

The lower  portion  is enclosed  by steel plates forming a garner, 
with a funnel-shaped  bottom,  and a sliding door regulates the 
flow of grain  to  the boot of the  main elevator. These  garners 
hold 100  tons of grain each, and form an  auxiliary in case  of 
emergency. 

At  the level of the  top of the garners is a gantry floor,  accessible 
from  the fourth-floor  gallery of the  granary.  This floor is of chequered 
plate, supported a t  the  ends by  cantilever  brackets, and  extends the 
full  width of the building. I t s  sides, ends and roof are enclosed, 
and form a support  for a transverse  conveyor-band E, and  for 
four elevator-heads (Z). Continued to  the top of the building, the 
towers  uphold the  main elevators  which enter  the  granary a t  
the gables. 

Conveying and Elevating Machi~~ery.-The  position of the various 
conveyorsand  elevators is indicated in Figs. 2, Plate 2, and  they are 
described shortly  in  the Table  on p. 66. 

Where tonnage-capacity is mentioned in this Table, it refers 
to grain averaging 50 lbs. per  bushel, but  the whole installation is 
equally  capable of dealing with  any  kind of grain,  from  oats a t  
35 lbs. to wheat a t  65 lbs. per  bushel. 

[THE INST. C.E. VOL. CLXXVII.] F 
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To follow the course taken  in housing the  grain :- 
( l )  For silo storage, this is ex  ship  to  the  dolphin,  thence  along the 

bridge  on the bands B and  up  the elevators D. The  contents of the 
cell  can also be turned over by gravitating  the  grain  through shoots 
from  the delivery  doors to  the boot of the elevator. 

(2) For  the  granary floors the silo elevator is disconnected  by 
clutch-gear, and  the  grain  from  the hopper of band B feeds the 
hoppers of bands E, instead of the boot of elevator D. From the 
E bands it throws off on to  any one of the four longitudinal 
bands G in  the basement,  thence up the elevator H, and along the 
roof on the bands I, which in  turn feed the  gravity pipes. 

(3) For  the  garners,  the  grain passes direct  from  bands G, up  the 
elevators Z ,  there being a flap-valve at   the delivery  end of G to dis- 
charge  into  either H or Z .  The  garners  can also be supplied  direct 
from the elevator D,, via  a  shoot  leading  from No. 1 group of silos 
to  the band E, on the  gantry. 

For delivery  from the granary  (other than to van or truck)  that 
portion of the  grain which  goes  back to the dock is taken by the 
bands K through  the subway to  the quay-side. 

The  garners form a convenient  temporary  storage  for grain when 
changing over the housing  bands, thus keeping the discharge  from 
the  ship continuous.  Their  contents  can be rapidly  transferred to 
any floor by means of the main elevator. 

Details of the machinery are shown in Figs. 3, Plate 2. 
The  bands are endless, and  travel a t  a speed of 552 feet  per  minute. 

They are made of specially-woven cotton,  impregnated  with  rubber 
of the best quality ; each  ply is pressed by  hydraulic  machinery,  and 
the finished  band is coated  with rubber  and vulcanized.  The 
breaking  strain is 400 lbs. per  ply  per  inch  width of belting. 

Each  band-conveyor has  a  driving  and a driven  end  terminal, 
consisting of a cast-iron  pulley 24 inches in diameter,  with  tension- 
gear  adjustment.  On the top, or carrying side, the bands run on 
5-inch  steel rollers supported  on  cast-iron standards a t  6-foot 
intervals,  and  on the underside a t  12-foot  intervals.  The whole of 
the  standards  are  tied  together longitudinally by means of steel 
angles  on each side. 

Each  band has a feed-hopper and curving-rolls to receive and 
guide the grain.  The  I-bands are also provided  with trippers or 
throw-off  carriages  for delivery, which travel along the steel  framing 
of the conveyors, and  are anchored to it a t  any  point by means of 
screws. The  carriage  has  two pulleys, one  nearly vertically above 
the  other, so that  the band passes  over the  top pulley, and  thence 
under  the lower. I n  front of the  top pulley is a  large  steel hood, 

F 2  
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having a lip close LIP to  the band ; the hood is provided  with  two 
outlets each  having a door-valve at   the bottom,  which  feeds  into  one 
of the down-pipes a t  either side of the conveyor. 

The E bands  have a single throw-off to  any of the G bands,  which 
travel a t  right angles to  them. These  bands are also reversible  for 
the purpose of turning over grain  when  out of condition, or of 
transferring it from  one floor to  another, or to  a silo. 

The delivery  bands K differ from the foregoing in having an 
alternative low-speed gear of 125 feet per minute  for sack-conveying. 
The  belting  is 4-ply, and  is supported  by  3-inch rollers at 18 inches 
pitch. This conveyor forms a series of two distinct  lengths,  the first 
being  on the level, and  the second having an upward incline of 
1 in 4, with a telescopic extension-gear on rack and pinion ; it can 
therefore discharge right over the gunwale of barges  alongside 
the quay. 

The  elevators  have  head and bottom  pulleys of steel, 4 feet  in 
diameter,  round  which  the  rubber  bands  rotate at  a speed of 500 
feet  per  minute. On these  bands  are  bolted  steel  buckets 23 inches 
long, by 6 inches  deep  with 7 inches  projection, and  set a t  15 inches 
pitch. The  bottom  pulleys  are  fitted  with  tightening  gear for 
adjusting  the  tension on the belt. The  casing of the legs is of steel 
plate,  with  the  rivet-seams  on the outside. The  elevators pick up 
from a steel  boot, and deliver from the head  through spouts. 

Grain discharged in  other  parts of the dock can be brought  along- 
side the  granary  in bins, or travelling box-wa.gons, the  slide doors of 
which deliver into  hoppers above the band subways ; these  connect 
direct by shoot  and  feed-hopper  with the  intake band-conveyors E, 
thus commanding any section of the granary. 

The  distributing pipes are of cast-iron, 10 inches in  internal 
diameter,  and spaced 10 to 11 feet apart ; they  distribute from the 
longitudinal  bands on the  top floor to  the  intermediate  and delivery 
floors of the  granary,  forming a continuous  system  from  the  top to 
the first floor. At  each storage Boor the pipe is fitted a t  floor-level 
with  two  sliding doors, which a n  be  raised vertically by means of 
levers, so a s  to allow the  grain on that floor to  run  into  the pipe 
and  thus down to  the ground floor, where it is drawn off through 
breeches-pipes for delivery. These  pipes  deliver over the crutch of 
sack-weighing  machines ; their shape  enables the weigher to fill con- 
tinuously  into sack, the grain  being  drawn  from either side alternately. 

At  the  top of each floor, about 6 inches  under the floor-boards of 
the  story above, the pipes are broken off for about 9 inches in  length, 
and round  this space is fitted  a  thin  steel-plate sleeve,  flanged and 
secured  by  two bolts adjusted  with  butterfly nuts. This  sleeve is 
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dropped for housing, and  on  the  top of the pipe a cast-iron cone is 
fitted, which intercepts  the  further passage of the  grain  and disperses 
it over the floor. 

Storage.-The regulation  height  for  storing  grain  on open floors 
in London is 4 feet 6 inches, but  this varies with  the condition of the 
grain. Owing to  the number of small parcels, the various consign- 
ments  have to be kept separate, which is effected by movable bulking- 
boards. These admit of the  grain being  stored  on  either  side,  and 
are made of white  matching, 4 feet 6 inches high, supported  on the 
centre of a $-foot  base. The boards are  in convenient  lengths of 
5 feet  and  the edges groove into one  another.  There  are also 
suitable  corner  and  end bulks. 

Screening.-There is a small  screening  plant  on the seventh floor 
for  cleaning the grain, but  its work is intermittent.  This screen is 
of the  rotary type, and gives four  separations ; it is driven  by a 
5-HP. motor, feed and delivery  being by  gravity  through  the down- 
pipes. There  are also single screens on the delivery floor, worked 
by  gravity. 

Electrical Arrangements.-The motors are of the continuous- 
current,  ventilated, enclosed type, and  are  shunt-wound for 600 
revolutions  per minute at 460 volts;  current  is supplied under 
agreement  by the  Poplar Borough Council. A small fan  is fitted at 
the back of the  armature  to  draw in fresh air from the outside 
atmosphere ; the  exhaust  is  out of a small port  on  the opposite end, 
thus keeping the  temperature low and  the bearings  free  from dust- 
with which the  air of the  granary at these places is heavily charged. 

The motors  drive  through rawhide pinions on  to countershafts, 
which transmit  the power to  the conveyors and elevators. The 
whole of the motors are controlled from a switchboard in the 
basement, which is in telephonic  communication  with all  parts of 
the  granary  and dolphin. 

The  starting-switches  are  operated  by worm-gear and have an 
automatic overload. and no-voltage release. There is a fuse  on 
the negative side, proportioned to blow at 100 per  cent. overload, 
and for emergency  use single-pole switches are provided near each 
motor to bring  them to a standstill. These switches are protected 
by teak boxes with a glass front. 

There  are  twenty-four  motors in all, of various sizes from 
5 HP. to 33 HP., with a total of 354 HP.;  they  are capable 
of housing at the  rate of 300 tons per  hour. The  current 
consumption per  ton of grain handled is approximately 4 unit from 
dolphin to granary,  and t unit from  dolphin to silo. The  length 
of the conveyors in the former case is 672 feet between terminals, 
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and  in  the  latter 52 feet,  the elevators lifting 125 feet  and 90 feet 
respectively. 

A 15-cwt.  electric  lift,  connecting  with the galleries, conveys 
passengers and samples up  and down the  granary ; it is worked  by 
a 10-HP. motor. 

The  foregoing  work was carried out  to  the design and specification 
of Mr. F. E. Duckham, M. Inst. C.E., General  Manager  and 
Engineer to  the Millwall Dock Company, assisted by the  Author, 
who  succeeded him as Engineer  in  January, 1905. 

The  Paper is accompanied  by three  drawings  from  which  Plate 2 
has  been  prepared ; there  are also a number of photographs. 
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